We present a space-time model of the collision of two homogeneous, plane impulsive gravitational waves (each having a delta function profile) propagating in a vacuum before collision and for which the post collision space-time has constant curvature. The profiles of the incoming waves are k δ(u) and l δ(v) where k, l are real constants and u = 0, v = 0 are intersecting null hypersurfaces. The cosmological constant Λ in the post collision region of the space-time is given by Λ = −6 k l. In this sense this model collision provides a mechanism for generating a cosmological constant and therefore may be relevant to the theoretical description of dark energy. *
The well known space-time model of a head-on collision of two homogeneous, plane impulsive gravitational waves, travelling in a vacuum, involves the assumption that the post collision region of space-time is a vacuum space-time. With this assumption the post collision region is described by the KhanPenrose [1] solution of Einstein's vacuum field equations (for a derivation see [2] ). We demonstrate here that if the post collision region of space-time is assumed to be a solution of Einstein's field equations with a cosmological constant then an exact solution of these field equations can be found satisfying the same conditions on the null hypersurface boundaries of the region as the Khan-Penrose solution. In addition the cosmological constant can be expressed simply in terms of two parameters which label each of the incoming waves. The post collision region is a space-time of constant curvature and is thus curvature singularity-free, in contrast to the Khan-Penrose model. The post collision model presented here can be explained in terms of a redistribution of the energy in the incoming waves and this is described in some detail.
A plane, homogeneous gravitational impulse wave propagating in a vacuum is described in general relativity by a space-time with line element
where k is a constant (introduced for convenience) and u + = u ϑ(u) where ϑ(u) = 1 for u > 0 and ϑ(u) = 0 for u < 0 is the Heaviside step function. The metric given via this line element satisfies Einstein's vacuum field equations everywhere (in particular on u = 0). The only non-vanishing NewmanPenrose component of the Riemann curvature tensor on the tetrad given via the 1-forms
Thus the curvature tensor is type N (the radiative type) in the Petrov classification with the vector field ∂/∂v the degenerate principal null direction and therefore the propagation direction of the history of the wave (the null hypersurface u = 0) in space-time. The wave profile is the delta function, singular on u = 0, and thus the wave is an impulsive wave. There are two families of intersecting null hypersurfaces u = constant and v = constant in the space-time with line element (0.1). A homogeneous, plane impulsive gravitational wave propagating in a vacuum in the opposite direction to that with history u = 0 has history v = 0 and this is described by a space-time with line element
where l is a convenient constant and v + = v ϑ(v). The Ricci tensor vanishes everywhere when calculated with the metric tensor given by this line element. The only non-vanishing Newman-Penrose component of the Riemann curvature tensor on the tetrad given via the 1-forms
indicating a Petrov type N curvature tensor with degenerate principal null direction ∂/∂u. For the collision problem we envisage a pre-collision vacuum region of space-time v < 0 with line element (0.1) and a pre-collision vacuum region of space-time u < 0 with line element (0.3) (with both line elements coinciding when v < 0 and u < 0). The waves collide at u = v = 0 and the post collision region of the space-time corresponds to u > 0 and v > 0. In this region the line element has the form ( [1] , [3] , [4] )
where U, V, M are each functions of u, v. These functions must satisfy the following conditions on the null hypersurface boundaries of the region u > 0 , v > 0:
If the vacuum field equations are now imposed in the region u > 0 , v > 0 with these boundary conditions then the Khan-Penrose [1] solution will result. If instead we impose the field equations with a cosmological constant Λ, then we find the following solutions exist for the functions U, V and M: 
(0.11) If in the metric tensor components here we replace u, v by u + = u ϑ(u), v + = v ϑ(v) we obtain in a single line element the expressions (0.1) and (0.3) for the pre-collision regions and (0.11) for the post collision region. In particular this will enable us to calculate the physical properties of the boundaries v = 0 , u > 0 and u = 0 , v > 0 of the post collision region.
On the half null tetrad ϑ
M du with U, V, M given by (0.8) and (0.9) with u, v replaced by u + , v + the Ricci tensor components of the space-time are given by Here g ab are the (constant) metric tensor components on the half null tetrad given via the basis 1-forms {ϑ a }. The Newman-Penrose components of the Weyl conformal curvature tensor are given by 
(0.14)
Hence this region of space-time does not possess a curvature singularity, in striking contrast to the post collision region of the Khan-Penrose space-time. In summary we can say that for this model collision the energy in the incoming impulsive gravitational waves is re-distributed after the collision into two light-like shells of matter and two impulsive gravitational waves moving away from each other and into a matter distribution described by a cosmological constant. This latter may be thought of as a perfect fluid with an equation of state in which the sum of the proper density and isotropic pressure vanishes. Since the cosmological constant Λ = −6 k l is simply related to the parameters labelling the incoming gravitational waves we see that in this sense the waves generate the cosmological constant. The result of this paper therefore suggests a mechanism for generating a cosmological constant which may be important in the theoretical description of dark energy [5] .
